Forty isolates of Xanthomonas campestris pv. oryzae collected from naturally infected rites in various areas of West Java in Indonesia were evaluated for their virulence to differential varieties of Japan and IRRI. Of 40 isolates in Indonesia, 36 were virulent to Kinmaze, Kogyoku, and Te-tep but avirulent to Wase Aikoku 3 and Java 14. Of 40 isolates of X. campestris pv. oryzae tested, 25 were judged to belong to group A which was identical with the Philippine bacterial group III in terms of virulence.
Introduction
Bacterial leaf blight of rice was first recognized as a bacterial disease in Japan in the early 20th century.
The disease occurs in other rice-growing countries in temperate and tropical Asia and is regarded as an important rice disease. Variability of the pathogenic bacterium, Xanthomonas campestris pv. oryzae, has not been systematically studied in many countries, despite the severity of the disease and the adoption of especially extensive, cultural management such as high nitrogen fertilization. To consolidate breeding for resistance to the disease, it is necessary to understand the virulence of the bacterium and the resistance of rice varieties.
Extensive studies on virulence of Japanese isolates have been conducted in Japan6, 8, 9) . Bacterial groups with different virulence to differential rice varieties were found in some other countries.
The pathogenicity of bacteria to plants was categorized by Van der Plank into quantitative, sometimes termed aggressiveness, and qualitative, sometimes called virulence11). In many cases, the latter is specific to rice differential varieties.
The present study investigated the variability in virulence of X. campestris pv. oryzae isolates in Indonesia and Bangladesh and the distribution of bacterial groups in both countries.
Materials and Methods
Sixty isolates of X. campestris pv. oryzae as shown in Tables 1 and 3 were used to evaluate the virulence pattern on the 10 differential rice varieties of Japan and IRRI.
Isolates and the middle part of the flag leaf was pricked by the needles. The inoculation instrument was sterilized in boiling water before use for different isolates. The test was replicated by using two plants for each isolate.
Disease assessment was done 15 days after inoculation using disease indices proposed by Ezuka and Horino2). Each bacterial isolate was incubated at 28C for 2 days. Inoculum density was adjusted to 108-109 cells/ml.
The evaluation of resistance of each variety was based on the mean value of disease indices of 10 leaves and graded resistant (R) when the value was 3.0 and below, and susceptible (S) of otherwise.
Results and Discussion
Virulence of Xanthomonas campestris pv. oryzae in Indonesia Forty isolates collected from naturally infected rice plants in various areas of West Java in Indonesia by CRIFC scientists were evaluated for their virulence pattern to 10 differential varieties (Table 1) . Kinmaze was susceptible to all the Indonesian isolates.
IR8 was susceptible to all isolates except for Si8030, Xo7510, and Xo8101. Kogyoku and Te-tep were susceptible to all the isolates except for Xo7510. Cas 209 was susceptible to all the isolates except for Xo8008. Si8020 collected at Kuningan was virulent to Kinmaze, Kogyoku, Te-tep, Wase Aikoku 3, Java 14, and Cas 209, but avirulent to IR20, IR1545, and DV85. The Indonesian isolates showed a wide range of variation in virulence to IR20 average index number ranged from 0.0 to 7.0--and they were less virulent to IR1545 (0.4 to 3.8) and to DV85 (0.0 to 3.2).
Of 40 isolates 36 were virulent to Kinmaze, Kogyoku, and Te-tep but avirulent to Wase Aikoku 3 and Java 14 being similar to bacterial group III of Japan5). The 35 isolates and the Japanese bacterial group III induced similar responses on the Japanese differentials but different ones on the IRRI differentials.
The Indonesian isolates tested were classified into 9 groups from A to I on the basis of their virulence to Japanese and IRRI differential varieties ( Table 2) . Of the 40 isolates tested, 25 (62.5%) fell under group A which was identical with the Philippine bacterial group III in terms of virulence5).
Groups B and C had 6 (15.0%) and 2 (5.0%) isolates, respectively, which were identical with the Philippine bacterial groups I and IV5). On the other hand, one isolate (2.5%) belonging to group F was apparently similar to the Japanese bacterial group III which was virulent to Kinmaze, Kogyoku, Te-tep, IR20, and Cas 209 but avirulent to Wase Aikoku 3, Java 14, IR8, IR1545, and DV855). The virulence pattern of an isolate belonging to group H was virulent to the 5 Japanese differentials, IR8, and Cas 209 but avirulent to IR20, IR1545, and DV85. Two isolates belonging to group I showed a virulence pattern similar to that of the Japanese bacterial group V which was virulent to Kinmaze, Wase Aikoku 3, Table 2 . Virulence of Xanthomonas campestris pv. oryzae isolates collected from Indonesiaa)
a) The Indonesian isolates were classified into nine groups (A-I) on the basis of their virulence to Japanese and IRRI differential varieties. The reaction of each differential was considered susceptible (S) when the disease index number shown in Table 1 was more than 3.0 and resistant (R) when the disease index number was 3.0 or less.
and Cas 209 but avirulent to Kogyoku, Te-tep, Java 14, IR8, IR20, IR1545, and DV855). Each of the 3 other groups (D, E, and G) showed a virulence pattern different from what is known in Japan and the Philippines on the Japanese and IRRI differentials.
The pathogenic specialization of X. campestris pv. oyyzae in Indonesia has been studied through cooperative efforts of Indonesian and Japanese scientists 3,12). In 1977, Yamamoto et al.12) demonstrated by Kozaka's differential system7) some evidences of the specialization of the causal bacterium.
They revealed that 71 isolates tested could be divided into 3 bacterial groups (III, IV, and V) by their virulence patterns to the 5 Japanese differentials which were used in the present study. Horino and Hartini3) found another bacterial group VI in Indonesia that was virulent to Kinmaze and Tetep but avirulent to Kogyoku, Wase Aikoku 3, and Java 14.
Bacterial groups III, IV, V, and VI were identified in Indonesia according to their different virulences to the 5 Japanese differentials.
Yamamoto et al.12) and Horino and Hartini3) reported that one of these groups was identical with the Japanese bacterial group III based on the virulence pattern on the 5 Japanese differentials, but it is distinctly different in its virulent reaction on IR8 as shown in Table 2 . Therefore, the virulence of group A which occurs widely in Indonesia is presumably identical with that of the Philippine bacterial group III .
In 1977, IR36 which is conditioned by the dominant gene Xa-4 for resistance was introduced to Indonesia.
It has been popularly cultivated in more than 60% of the total area of paddy fields in Java . Table 2 shows that the majority of the isolates tested were virulent to IR20 which has a dominant resistance gene, Xa-4, common to IR36. Therefore, the severe outbreak of the disease on IR36 in Indonesia is certainly attributable to the occurrence of these races . Its enhanced virulence and wide distribution could make IR36 more vulnerable to bacterial leaf blight in Indonesia.
Virulence
of Xanthomonas campestris pv. oryzae in Bangladesh
The virulence of the Bangladesh isolates to the rice differential varieties is shown in Table 3 . Based on the reaction patterns of the 10 differential varieties, 4 isolates --Bxo3 , Bxo18, Bxo19, and Bxo20 --fell under the same bacterial group (Table 3) .
Kinmaze, Kogyoku, IR8, IR20, IR1545, DV85, and Cas 209 were susceptible to these isolates but Te-tep, Wase Aikoku 3, and Java 14 were resistant.
Two isolates (Bxo13 and Bxo15) fell under another group which was virulent to Kinmaze, IR8, IR1545, DV85, and Cas 209 but avirulent to Kogyoku, Te-tep, Wase Aikoku 3, Java 14, and IR20. The virulence patterns of the 2 groups were different from those of any other groups so far reported in Japan4,6), Korea1), Indonesia3,12), and the Philippines5,10). Fourteen other Bangladesh isolates of X. campestris pv. oryzae showed intermediate reactions to the differential varieties.
Further tests are required to confirm these results.
Isolate Bxo4 collected from Jamalpur, Mymensingh of Bangladesh seemed to be virulent to all varieties except for IR20 and DV85. Bxo7 was less virulent to all differential varieties except for Cas 209 which showed intermediate reaction to it. Bxo8 was also avirulent to the 5 Japanese differentials, IR8, and DV85. Because Bxo7 and Bxo8 were collected in 1979 and were stocked before testing for almost one year, it is likely that these isolates had lost their aggressiveness.
Differential interactions
were observed between the 10 varieties and 20 isolates from Bangladesh.
None of the varieties, however, were resistant to all the isolates and none of the isolates attacked all varieties.
Cas 209 was susceptible to all the Bangladesh isolates.
Of the 10 varieties used, Kinmaze, Kogyoku, Wase Aikoku 3, Java 14, IR8, and IR1545 may serve as good differential varieties.
On the other hand, Te-tep, IR20, and DV85 may be inadequate for differential varieties because they frequently showed intermediate reactions to X. campestris pv. oryzae in Bangladesh. If a greater number of isolates and differential varieties including local or native varieties, on the basis of varietal response, is obtained, major bacterial groups of isolates may be further classified. Although the present investigation has shown some of the 10 varieties that may be usable differential varieties, most are japonica rices and thus may not be used in the rice breeding for resistance to bacterial leaf blight in Bangladesh. It is, therefore, suggested that efforts be put forward to search for more varieties that can serve as resistance sources to bacterial leaf blight and as differential varieties.
